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Computational Studies of the Catalytic Mechanism of the Staphylococcus
Aureus Sortase a Enzyme
Pooja Shrestha, Jeff Wereszczynski.
Physics, Illinois Institute of Technology, Chicago, IL, USA.
When surface proteins are attached to the cell wall of Gram-positive bacteria,
they play important roles in multiple pathogens such as pneumonia, meningitis,
osteomyelitis, and so on. Class A sortase (SrtA) enzymes play a key role in the
insertion of surface proteins into the cell wall. StrA recognizes an LPXTG sort-
ing signal motif in a target protein and catalyzes a transpeptidation reaction
that joins it to a Lipid II molecules that will be embedded into the cell wall.
Bacteria strains that lack SrtA are incapable of placing surface proteins, sug-
gesting that SrtA may be a novel drug target for therapeutics against Gram-
positive bacteria. However, the precise mechanism of transpeptidation is not
well understood because of the unstable catalytic intermediates. Here we report
on a series of molecular dynamics simulations using a hybrid quantum
mechanical/molecular mechanics (QM/MM) approach to investigate the cata-
lytic mechanism of SrtA.
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Investigations of Model Proton-Coupled Electron Transfer Reactions from
a Mixed Quantum-Classical Liouville Perspective
Farnaz Shakib, Gabriel Hanna.
Department of Chemistry, University of Alberta, Edmonton, AB, Canada.
Many biological processes involve the transfer of electrons from a donor to
an acceptor accompanied by the transfer of protons. This phenomenon,
known as proton-coupled electron transfer (PCET), is at the heart of energy
conversion reactions in photosynthesis and respiration. Theoretical methods,
which treat the coupled dynamics of the transferring protons, electrons,
and their environment in a quantum mechanical fashion, are required for
accurately describing PCET reactions. However, the size and complexity
of real systems render the application of a full quantum treatment computa-
tionally impossible. Hybrid methods which treat the transferring protons
and electrons quantum mechanically, but treat the donor, acceptor, and
solvent molecules classically, offer feasible yet accurate alternatives to full
quantum treatments. In this study, for the first time, we adopt a surface-
hopping approach based on the solution of the quantum-classical Liouville
equation (QCLE) for the study of PCET reactions. The advantage of
this approach over other nonadiabatic dynamics methods is that it inherently
accounts for quantum coherence effects in the dynamics through phases
accumulated during trajectory segments on the means of two adiabatic
surfaces. As a starting point, we consider a simple model, which is comprised
of three coupled degrees of freedom: an electronic coordinate, a protonic
coordinate, and a solvent coordinate. Varying the parameters in the model
allows us to study both concerted and sequential PCET mechanisms. For
each mechanism considered, we investigate the role played by mean surface
evolution in an ensemble of surface-hopping trajectories and discuss the
implications of decoherence of the proton-electron subsystem on the rates
of these reactions.
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New Insights on Interactions of a Quantum Vibration with an Environ-
ment of Hydrogen-Bonded Groups from the Mixed Quantum-Classical
Liouville Approach
Holly Freedman, Gabriel Hanna.
Chemistry, University of Alberta, Edmonton, AB, Canada.
How the energy released during ATP hydrolysis can perform work in proteins
despite being weak and short-lived has been a long-standing open question in
biology. To address this "crisis in bioenergetics", A.S. Davydov proposed a
quantum mechanical model by which amide I vibrational excitations couple
to alpha-helical phonon modes in such a way as to facilitate energy storage
and propagation. Because of the computational expense associated with fully
quantum mechanical treatments of systems with many degrees of freedom,
practical simulations of the Davydov-Scott model may be realized via a mixed
quantum-classical approach. We take a novel mixed quantum-classical
approach to this problem by implementing two methods for solving the mixed
quantum-classical Liouville equation, a surface-hopping solution and an
approximate, mean-field-like solution in which the quantum subsystem is
described in terms of continuous variables. The time-scale of vibrational delo-
calization is investigated for a one-dimensional model of a protein alpha helix.
Results from the surface-hopping model suggest that population transfer
between distal sites may occur in the case of an asymmetric potential, although
no transfer occurs if the vibrational excitation is treated by a mean-field
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Phosphoryl Transfer Transition State Computationally Modeled by
Mgf3(-) in the Oncogenetically Indicated Gtpase Protein Rhoa and it’s
Activating Protein Rhoa.Gap
Whitney F. Kellett, Nigel G.J. Richards.
Chemistry and Chemical Biology, Indiana University Purdue University
Indianapolis, Indianapolis, IN, USA.
GTPase enzymes, which hydrolyze guanosine triphosphate (GTP) to guanosine
diphosphate (GDP) and inorganic phosphate (Pi), are involved in a large num-
ber of critical cellular processes including proliferation. GTPase Activating
Protein (GAP) is responsible for the regulation of GTPase. GTPase proteins,
when poorly regulated, can signal for uncontrolled cellular growth and are indi-
cated in oncogenesis [1].
I present a computational model of the GTPase protein RhoA in solution and
bound to the regulating protein RhoA.GAP. I have modeled a transition state
analog of the GTP to GDP phosphoryl transfer reaction based on the crystal
structure of the RhoA:RhoGAP protein complex with GDP and MgF3
- [2].
Hybrid QM/MM Car-Parrinello MD simulations were performed on the
protein complex with the transition state analog, all in explicit water. The reac-
tion was modeled using thermodynamic integration by increasing the terminal
phosphate-oxygen bond.
These simulations provide evidence for a dissociative transition state and sug-
gest that MgF3
- is the best adduct to date to model the transition states of these
types of enzymatic phosphoryl transfer reactions. This model could be further
exploited to design transition state mimics for many families of GTPase pro-
teins. Finally, this model has shown some structural effects of binding the
RhoA.GAP protein to RhoA. These preliminary results indicate that we can
understand better the RhoGAP:RhoA protein interface using computational
methods. This model could be further exploited to identify ways to dissociate
the errant GTPase:GAP complex by targeting the GTP binding site or even the
protein-protein interface itself.
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Quantitative Interpretation of Chemical Shifts Enables Mapping Proteins
Conformational Landscape
Alessandro Cembran, Gianluigi Veglia.
Chemistry, University of Minnesota, Minneapolis, MN, USA.
To carry out their function, most proteins need to undergo transitions among
different states. Understanding how the equilibrium between different states
is altered upon ligand binding or interaction with other biological partners is
of critical importance to explain protein function.
Nuclear Magnetic Resonance isotropic 1H and 15N chemical shifts are a sensi-
tive probe for both protein structure and conformational dynamics, and thus are
an ideal observable to monitor equilibrium shifts. Yet, noise in the peak posi-
tions complicates the quantitative correlation of chemical shifts to the equilib-
rium position. Here we propose a robust methodology that relies on statistical
analysis of NMR 1H/15N HSQC data and provides a quantitative measure of the
equilibrium shift associated to ligand or substrate binding. In short, linearity in
the 1H/15N chemical shifts position across different protein constructs is first
identified by principal component analysis. Then, the scores of all residues
on their principal components are filtered and combined together, and the shift
in equilibrium position for each state is given in terms of confidence intervals.
Finally, the degree of collectiveness of the protein response to ligand binding is
mapped onto the protein structure by applying an adapted version of the chem-
ical shifts covariance analysis (CHESCA). We illustrate the method in its
applications to ligand binding to protein kinase A (PKA) and to a series of
mutants of phospholamban. The results show that the method is capable of
discerning the multiple states populated upon binding of different ligands to
PKA as well as the shift in equilibrium position induced by mutations of phos-
pholamban serine 16. Noticeably, the CHESCA analysis shows that while PKA
response is highly collective throughout the whole protein, the PLN response is
collective only in the surroundings of the perturbed region (domain 1A).
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Electronic Structure Study of Certain Rhizoferrin Analogs and Its Ferric-
Ion Complexes
Archana Dubey1, Olle Heinonen2.
1Physics, UCF, Orlando, FL, USA, 2Materials Science Division, Argonne
National Laboratory, Lemont, IL, USA.
We have used first-principles electronic structure methods to examine the
ferric-ion binding specificity of rhizoferrin analogs: (a) the homo-rhizoferrin
and nor-rhizoferrin that fall in the category of variable length diamine bridge;
(b) monodesoxy-rhizoferrin and didesoxy-rhizoferrin having different func-
tional groups in the citric-acid moieties of rhizoferrin, and (c) cyclized
808a Wednesday, February 19, 2014dehydration product of rhizoferrin, named imido-rhizoferrin. A particular focus
is the effect of deprotonation of hydroxyl and carboxyl groups on binding
energy of ferric-ion complexes of rhizoferrin-analogs has been investigated.
In addition, we have calculated Nuclear Magnetic Resonance properties,
such as chemical shifts for13C and 1H, and indirect spin-spin couplings for
methylene protons, and compared our results with available experimental
data. The nuclear quadrupole interaction parameters will be discussed within
the context of charge distributions and electric field gradients. Our study
provides a structural basis for ferric-ion chelation by rhizoferrin analogs for
these biomolecules, for which there exist no experimentally determined struc-
tures. Argonne National Laboratory is a US DOE Science Laboratory operated
under contract no. DE-AC02-06CH11357 by UChicago Argonne, LLC. The
research was performed, in part, at Argonne National Laboratory as a
research participant in the Visiting Faculty Program. The program is adminis-
tered by Argonne’s Division of Communication, Education, and Public Affairs
(CEPA) with funding provided by the U.S. Department of Energy.
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A Quantitative Method to Track Protein Translocation between Intracel-
lular Compartments in Real-Time in Live Cells using Weighted Local
Variance Image Analysis
Guillaume Calmettes, James N. Weiss.
Medicine, University of California Los Angeles, Los Angeles, CA, USA.
The genetic expression of cloned fluorescent proteins coupled to time-lapse
fluorescence microscopy has opened the door to the direct visualization of a
wide range of molecular interactions in living cells. In particular, the dynamic
translocation of proteins can now be explored in real time at the single-cell
level. Here we propose a reliable, easy-to-implement, quantitative image pro-
cessing method to assess protein translocation in living cells based on the
computation of spatial variance maps of time-lapse images. The method is first
illustrated and validated on simulated images of a fluorescently-labeled protein
translocating from mitochondria to cytoplasm, and then applied to experi-
mental data obtained with fluorescently-labeled hexokinase 2 in different cell
types imaged by regular or confocal microscopy. The method was found to
be robust with respect to cell morphology changes and mitochondrial dynamics
(fusion, fission, movement) during the time-lapse imaging. Its ease of imple-
mentation should facilitate its application to a broad spectrum of time-lapse
imaging studies.
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Extracting Functional Information from Single Particle Trajectories
Benjamin Regner1,2, Daniel Tartakovsky3, Terrence Sejnowski1.
1Salk Institute for Biological Studies, La Jolla, CA, USA, 2Mechanical and
Aerospace Engineering, University of California - San Diego, San Diego,
CA, USA, 3Mechanical and Aerospace Engineering, University of
California - San Diego, La Jolla, CA, USA.
Single particle tracking (SPT) experiments offer a powerful means of probing
the diffusive characteristics of biomolecules. A common result from SPT is a
globally averaged anomalous diffusion exponent. However, methods of calcu-
lating the average exponent are typically unable to determine the local, time-
dependent characteristics. We have developed a simple classification algorithm
to calculate the time-dependent anomalous diffusion exponent of single sto-
chastic trajectories. Classification is based upon the behavior of a renormaliza-
tion group operator rather than the commonly used mean-square displacement.
We present both simulated and experimental examples of the proposed method.
Furthermore, we hypothesize that time-dependent fluctuations of the anoma-
lous diffusion exponent will correlate with functional activity in certain cases.
We present preliminary results supporting this hypothesis.
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Tracking Inhomogeneously Distributed Particles
Javier Mazzaferri, Stephane Lefrancois, Santiago Costantino.
Hoˆpital Maisonneuve Rosemont, Montre´al, QC, Canada.
Particle tracking has been extensively applied to biological problems. It is
mostly used to describe the dynamics of single molecules embedded within
the cell membrane, to analyze cell migration in very different contexts, or to
study intracellular trafficking. Several methods have been proposed during
the last two decades, for both sparse and high density systems of particles.
These methods mostly rely on minimizing the overall displacement of all ob-
jects in the field, but some include using spot intensity and historical features
of movement to improve the reliability of particle identification. Adjusting
tracking parameters of most algorithms is a relatively long and subtle procedure
determined by the trade-off between several performance indicators.
In particular, systems where the spatial distribution of particles is inhomoge-
neous are especially ill-conditioned. Their overall performance is severely
impaired because a single set of parameters cannot be optimally adjusted acrossthe field of view. In this work we solve this shortcoming by developing an
approach that locally optimizes the particle tracking parameters. A local parti-
cle tracking is first performed followed by a global reevaluation of all the
trajectories found. To this end, we compute locally the optimal tracking
parameters based on the features of the specific time series, which makes the
process consistent and less prone to bias. We demonstrate a significant reduc-
tion of missing connections (false negatives) thereby improving the length of
tracked trajectories. We thoroughly describe the algorithm and systematically
compare its performance with state of the art alternative procedures using
both, numerical simulations and biological image time series. As measures
of tracking efficiency, we compute false positive and false negative errors,
and the length of the tracked segments by comparing tracked and true simulated
trajectories.
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Dynamic Quantification of Antigen Molecules on Cells with Flow
Cytometry
Darya Yu. Orlova1,2, Aaron B. Kantor1, Andrei V. Chernyshev2,3,
David R. Parks1, Wayne A. Moore1, Leonore A. Herzenberg1.
1Department of Genetics, Stanford University School of Medicine, Stanford,
CA, USA, 2Institute of Chemical Kinetics and Combustion, Novosibirsk,
Russian Federation, 3Novosibirsk State University, Novosibirsk, Russian
Federation.
Flow cytometry is a powerful tool for the quantification of target molecules on
cells. Traditional methods for estimating the number of expressed molecules,
based on the detection of target antigens bound with fluorescently labeled
antibodies, assume that the antigen-antibody reaction reaches equilibrium. A
calibration procedure, with carefully prepared reagents is needed to convert
the intensity of the fluorescence signal to the number of target antigens. The
new method presented here may be more robust and has application to lower
affinity antibodies and non-equilibrium labeling conditions.
We have developed a novel kinetic approach to the antigen quantification prob-
lem. Instead of using a static calibration system, we analyzed fluorescence pro-
file dynamics measured by flow cytometry in the general case of reversible
antibody-antigen binding. The model considers the full fluorescence profile
on a distribution of cells. Experimental data obtained with the LSRII cytometer
were fitted by the diffusion-reaction mathematical model using the Levenberg-
Marquardt nonlinear least squares curve-fitting algorithm in order to obtain the
reaction rate constants and the number of target antigens per cell. Results were
compared with the QuantiBRITE calibration system, which uses calibration
beads with known amounts of covalently bound PE and unimolar (1:1) anti-
Ag-PE reagents bound to capture beads or cells under saturating staining
conditions.
Our approach is independent of specially prepared calibration beads and anti-
body reagents and can be applied to both low and high affinity antibodies, under
both saturating and non-saturating binding conditions.
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Bridging the Gap Between PALM and Qdots Single Particle Tracking
using Bayesian Inference and the Gillespie Scheme
jean-baptiste masson1,2, Mohamed el beheiry3, Charlotte Salvatico4,5,
Marianne Renner4,5, Christian G. Specht4,5, Antoine Triller4,5,
Maxime Dahan3.
1insitut pasteur, paris, France, 2CNRS UMR 3525, Paris, France, 3Institut
Curie, CNRS UMR 168, paris, France, 4Institut de Biologie de l’Ecole
Normale Superieure (IBENS),, paris, France, 5Institut National de la Sante
et de la Recherche Medicale U1024,, Paris, France.
There are many differences between what can be extracted from biomolecules
motion using small numbers of long trajectories (Qdots, Nanoparticles, fluoro-
phores) or large numbers of short, dense trajectories (PALM, uPaint, Storm).
Long time recordings allow various estimators to converge towards mostly
accurate values, but don’t allow access to the statistical significance of these
trajectories furthermore with this approach large portions of the membrane
surface areas remain unexplored. Conversely, large number of short trajectories
allows mapping large cellular surfaces but prevents good convergence of
most estimators. Here, we show how to bridge the gap between these two
types of recordings by using Bayesian Inference and the Gillespie scheme.
To this aim, large numbers of short trajectories are recorded. Biomolecules
are modeled as random walkers following the Langevin Equation with space
varying diffusivities and interaction potentials [1,2]. The diffusive and interac-
tion landscapes over the complete surface of the cells are inferred using a
Bayesian inference scheme [3]. The inference allows combining local informa-
tion within a map capturing most of the statistical properties of the trajectories.
Then, trajectories generated from these maps using the Gillespie scheme
[4] display all the statistical properties of the experimental ones. With these
